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Abstract 
Atmospheric circulation is one of the factors that greatly explain the variability of rainfall in an area. The 

objective on this study is to model the daily rainfall in the region of Thessaly-Greece, based on the 

prevailing upper-air synoptic circulation types of the atmosphere. The rainfall data used are daily records 

of rainfall measurements encountered at the meteorological station of Larissa for the period 1958-2015. 

Rainfall episodes of the examined period were classified into ten (10) upper-air synoptic circulation types, 

based on a subjective synoptic classification scheme. The relationships, between and among, these upper-

air synoptic circulation types and the associated rainfalls are studied and their characteristics are presented. 

The main upper-air synoptic circulation types, which are quite favorable to rainfall activities at the 

examined meteorological station of Larissa, appeared to be: the open Long Wave trough (L-1), the closed 

Long Wave trough (L-2), the Cut-Off Low (L-3) and the South-West flow (SW). From the analyses of the 

rainfall measurements of the aforementioned upper-air synoptic circulation types is concluded that the best 

fitted and the most appropriate distribution models are: the Gamma, Generalized Pareto, Weibull and 

Generalized Pareto, respectively. It is proven that these models describe the rainfall characteristics in the 

examined area very adequately. 

 

Keywords: rainfall distribution model; synoptic circulation types; extreme value distributions;  

    Thessaly-Greece. 

 

INTRODUCTION 

Thessaly is one of the largest rural areas in 

Greece, where rainfall is one of the most 

important sources of water for the cultivation 

and growth of crops. The knowledge of the 

rainfall regime and particularly of the rainfall 

probability distribution density functions 

could contribute towards better water 

management and decision making on crop 

irrigation plans. 

The rainfall regime characteristics in an area is 

largely determined by the upper-air synoptic 

circulation types. Many synoptic classification 

schemes have been developed for different 

areas around the world with the aim to link 

together climate, weather and a wide range of 

environmental variables [19], [15], [10]. Over 

the major area of Greece, several researchers 

have developed and  

 

 

proposed specific and quite 

appropriatesynoptic classification schemes 

[11], [12], [16]. 

Atmospheric circulation is one of the factors 

that greatly explain the variability of rainfall in 

an area. Many researchers have attempted, 

mostly successfully, to relate the rainfall 

characteristics with the changes in atmospheric 

circulation [20], [21], [23], [7], [9], [17], [1], 

[18]. As an example, and focusing over the 

eastern Mediterranean region, there was 

detected a reduction in the frequency passage 

of depression activity, which reflected to an 

observed decrease of precipitation over the 

Greek region [14], [2], [6], [13]. 

An important tool in the thorough study of 

rainfall is the exact and theoretical knowledge 

of its probability distribution function. 
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TheGamma distribution (2-parameter) 

function was generally proposed, as the most 

suitable distribution model for wet-days 

rainfall amount [22], [3]. Moreover, the 

Weibull and other exponential distribution 

functions have been proposed as equally 

appropriate distributions for daily rainfall 

behavior [25], [24], [5], [4]. 

However, the choice and adaptation of the 

most appropriate and suitable model requires 

careful interpretations since there is no 

complete agreement between theoretical and 

empirical distribution of data information. The 

choice of the appropriate model depends 

mainly on the characteristics of the variable 

displayed in the area of interest. The objective 

on this study is to determinate the best fit 

probability distribution models, based upon 

the upper-air synoptic circulation types, for the 

prediction of daily rainfall data in the region of 

Thessaly. 

 

DATA AND METHODOLOGY 

The data used to meet the aforementioned 

objective on this study are daily records of 

rainfall measurements encountered at the 

meteorological station of Larissa for the period 

1958-2015. The rainfall episodes of the 

examined period were classified into ten (10) 

upper-air synoptic circulation types, based 

upon a subjective synoptic classification 

scheme proposed by Karacostas et al. [11] and 

Karacostas [12]. This synoptic classification is 

mainly based on the isobaric level of 500hPa 

and the position and orientation of the trough 

or ridge axes. A short description of the ten 

upper-air synoptic circulation types is briefly 

described as follows: 

Zonal flow (ZON):The existence of this 

upper-air synoptic circulation type implies the 

existence of low amplitude trough to the 

northwest and a low amplitude ridge to the 

southeast of the area of interest. 

North-West flow (NW): This flow arises 

from the presence of a long wave ridge located 

west-north-west of the area of interest and a 

long wave trough east-south-east. The result of 

this circulation is the transport of cold air 

masses from the north or northwest to the area 

of interest. 

Open Long Wave trough (L-1): A 

characteristic of this type is the presence of a 

trough over the area of interest with its axis 

being either vertical or inclined without the 

appearance of a closed contour curve (Fig. 1a). 

Closed Long Wave trough (L-2): This type 

has similar features to L-1 with the difference 

to be found in the existence of at least one 

closed contour curve inside the trough (Fig. 

1b). 

Cut-Off Low (L-3): It is characterized by the 

closed contour lines, resulting in a cut-off low, 

completely separated from the main general 

circulation, being to the north of it. It is the 

mature stage of “L-1” and “L-2” types. The 

kinetic energy of the system has been 

transformed into dynamic energy and hence it 

remains almost stationary, with longer living 

time compares to “L-1” and “L-2” types (Fig. 

1c). 

South-West flow (SW):It is the result of the 

existence of a long wave trough located west-

south-west of the area of interest and a long 

wave ridge at its east-north-east (Fig. 1d). 

Open Long Wave ridge (H-1): The 

characteristic of this upper-air synoptic 

circulation type is the presence of a long wave 

ridge over the area of interest with its axis 

being either vertical or inclined, without the 

appearance of a closed contour line. 

Closed Long Wave ridge (H-2): This type has 

similar features to “H-1”, with the difference 

to be found in the existence of at least one 

closed contour line inside the ridge. 

Omega blocking (Ω): It is the result of the 

proper arrangement of two low pressure 

systems and a high pressure one, in such a way 

to form the Greek letter “Ω”. This formation 

creates a blocking mechanism, as it prevents 

the movement of the low pressure systems 

eastwards, forcing them either to remain 

stationary in the west, or move either to the 

north or to the south of it. 

Undetermined pattern (H-L): In this upper-

air synoptic circulation type there is no clear 

distinct pattern to categorize it to the previous 

synoptic types. Sometimes, these patterns are 

diffluent-like flow circulations with variable 

low intensity winds.  

The study period is divided in two subperiods: 

1958-2004 for the exploration and 

determination of the most suitable distribution 

models and 2005-2015 for the verification and 

confirmation of the identified models. Using 

the rainfall data of the exploratory period of 

1958-2004, the rainfall characteristics and the 



Acta Geobalcanica 4-2, 2018, 57-65 

59 

relationships, between and among, the upper-

air synoptic circulation types and the 

associated rainfalls, are studied. The main 

upper-air synoptic circulation types which 

affect the rainfall behavior in the area, have 

been identified using two parameters, the 

index PI and the frequency of rainy days in 

each synoptic type. The PI is defined as the 

ratio of the mean daily rainfall amount of the 

wet days of each synoptic type, to the mean 

daily rainfall amount of all the wet days. If the 

ratio is greater than 1 then the daily rain 

amount is greater than the corresponding mean 

rain amount of the station [8], [9], [17]. 

 

 
 

 

  

Figure 1. Schematic representation of 500hPa geopotential height (gpdam) for the main upper-air 

synoptic circulation types over the region of Thessaly: (a) Open Long Wave Trough (L-1), (b) Closed 

long Wave Trough (L-2), (c) Cut-off low (L-3) and (d) South-west flow (SW). 

 

These parameters have been calculated for the 

total number of rainy days of the period 1958-

2004 and on a monthly basis. Then, for the 

main circulation types, the choice of the best 

fit distribution models has been made using the 

following three statistical goodness of fit tests:  

 

 

the Kolmogorov-Smirnov, the Anderson-

Darling and the Chi-square. Finally, the 

verification of the identified models has been 

made using the data of the confirmatory 

period, 2005-2015, where conclusions are 

drawn concerning their prediction 

performance.   

 
Table 1. The values of the parameters PI and the frequency of rainy days of each one upper-air synoptic 

circulation type, for the period 1958-2004. 

  

 UPPER-AIR SYNOPTIC CIRCULATION TYPES 

 ZON NW L-1 L-2 L-3 SW Η-1 Η-2 Ω H-L 

ΡΙ 0.63 0.47 0.96 1.25 1.23 1.02 0.62 0.37 0.65 0.73 

FREQUENCY 3% 5% 21% 19% 10% 31% 3% 0% 1% 8% 

a b 

c d 
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RESULTS 

RELATIONSHIP BETWEEN RAINFALL 

AND CIRCULATION TYPES 

The values of the parameters PI and the 

frequency of rainy days for each upper-air 

synoptic circulation type are calculated for the 

total of rainy days, as well as, for each month, 

separately. Their values for the period 1958-

2004 are shown in Table 1. The parameter PI 

shows values up to 1 for the types L-1, L-2, L-

3 and SW. At the same time, these types show 

the highest values of frequencies of rainy days. 

Similar results have drawn from the 

calculation of the parameters on a monthly 

basis (not shown). 

For theaforementioned upper-air synoptic 

circulation types, the rainfall characteristics  

 

 

 

and their trends are studied. Table 2 depicts the 

statistical measures which characterize the 

rainfall distribution of the main upper-air 

synoptic circulation types, for the period 1958-

2004. It is obvious that the rainfall behavior is 

different from one type to another. The rainfall 

indicates intense variability and higher rainfall 

measures during the prevalence of L-2 and L-

3 upper-air synoptic circulation types. The 

rainfall shows inhomogeneous characteristics 

on a monthly basis,during their prevalence. 

The trends are calculated using the linear 

regression and are characterized as statistically 

significant at the 95% confidence level.   
 

Table 2. Statistical measures characterizing the rainfall distribution  

of the main upper-air synoptic circulation type, for the period 1958-2004. 

Circulation 

types 
Mean 

Standard 

deviation 
Median 

Coefficient of 

skewness 

Coefficient of 

kurtosis 

L-1 4.7 5.9 2.6 2.8 12.6 

L-2 6.1 8.5 3.3 3.7 21.9 

 L-3 6.0 9.6 2.4 3.4 22.1 

SW 5.0 6.9 2.8 3.3 14.6 

Table 3 depicts the trends of the rainfall 

characteristics of the main upper-air synoptic 

circulation types, for the period 1958-2004. 

The upper-air synoptic circulation types L-1 

and L-2 show positive trends for the three 

measures, with the highest values being 

displayed in the total rainfall (Table 3). This 

implies an increase in frequency of their rainy 

days, as well as, in the daily rainfall amounts. 

For L-3 and SW, the behavior of the above 

features seems to be different. It is worth  
 

pointing out the negative trends in the SW 

type. That is in its occurrence and in its 

contribution of the total rainfall recorded in the 

study months. Statistically significant trends of 

these characteristics (α = 0.05) are those of 

rainy days frequencies of L-2 and SW types. 

However, from the study of the trends of the 

above characteristics on a monthly basis, 

significant conclusions are drawn for the 

variability of precipitation by synoptic type. 

 

Table 3. Trends of rainfall characteristics of the main upper-air synoptic  

circulation type, for the period 1958-2004. 

Circulation  

type 

Trend of rain 

 days' frequency  

Trend of mean 

 daily rainfall 

Trend of rainfall 

totals 

L-1 0.080 0.010 0.530 

L-2 0.113** 0.010 0.760 

L-3 0.046 -0.061 0.043 

SW -0.240** 0.030 -0.690 

Statistically significant at the 95% confidence level. 
 

PROBABILITY DISTRIBUTIONS AND 

UPPER-AIR CIRCULATION TYPES 

For the determination of best fit theoretical 

probability function for the main upper-air 

synoptic circulation types, statistical tools  

(goodness of fit tests) have been adopted. The  

 

 

results of the statistical test scores and the best 

fit models are presented in Table 4. For the 

determination of the best fit model, the 

probability distributions, which are proposed 
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as the second best fit models for the tests, have 

been tested, too. The results reveal that in 

many cases there was very little difference 

between and among the various distributions. 

For this reason, verification measures 

(correlation coefficient, mean absolute error 

(MAE), mean square error (MSE), etc) have 

been calculated for the selection of the best fit 

probability model(s) of the daily rainfall for 

main upper-air synoptic circulation types. The 

tests’ results and the preferable choices of the 

best models are briefly described for each one 

of the main upper-air synoptic circulation 

types.
 

Table 4. Rainfall Distribution Models, proposed by the goodness of fit tests  

for each upper-air synoptic circulation type (a=0.05). 

 Kolmogorov-Smirnov 

test 

Anderson-Darling 

test 

X2  

test 

Circulation type Distribution Statistic Distribution Statistic Distribution Statistic 

L-1 
Weibull 

(3P) 
0.03888 

Log-

Pearson 3 
1.9055 

Generalized 

Gamma (4Ρ) 
13.717 

L-2 
Generalized 

Gamma (4Ρ) 
0.03156 Burr 1.6289 Burr 8.692 

L-3 
Fatigue 

Life (3P) 
0.0403 

Fatigue 

Life (3P) 
0.55416 Log-Pearson 3 8.692 

SW 
Gamma 

(3P) 
0.05247 Burr 2.7092 Weibull 14.544 

\ 

 

 

• The Open Long Wave trough (L-1) case 

The three goodness of fit tests suggest three 

different distributions, as they are presented in 

Table 4. All of them are widely known 

distributions for their application in relative 

studies in different regions. The Gamma and 

Burr distributions have been proposed as the 

second best fit distributions. The overall five 

distributions models are depicted in Figure 2a, 

where they are compared against the actual 

measurements. It becomes obvious that the 

Gamma probability distribution function is 

very close to the "1-1" line, which corresponds 

to cases where the actual measurements are 

identical to the model estimations, for the 

period 1958-2004. For the same period (1958-

2004), the probability distribution functions of 

the Gamma, Burr and Generalized Gamma 

models are also quite close to the "1-1" line. 

The evaluated performance of the resulted best 

model, that is the Gamma model, is presented 

in Figure 2b, for the verification period of 

2005-2015. The calculated verification 

measures of all the examined probability 

distribution models are indicated in Table 5, 

for the upper-air synoptic circulation L-1 type. 

It is worth noticing the higher values of 

correlation coefficient and the lower values of 

MAE and MSE, for the resulted best model, 

Gamma.
 

 

 

Figure 2: Comparison of the precipitation amounts of the Larissa station a) for the period 1958-2004 with 

the estimations of the proposed distribution models and b). For the period 2005-2015 with the estimations 

of Gamma model for the L-1 circulation type. 
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• The Closed Long Wave trough (L-2) case 

The most appropriate probability distributions 

for the upper-air synoptic circulation type L-2, 

according to the to the three goodness of fit 

tests (Table 4), are the Generalized Gamma 

(4P) and Burr models. Moreover, the Gamma 

(3P) and Generalized Pareto distributions, are 

proposed as secondary appropriate models. 

From the comparison procedures between the 

actual measurements and models' estimations, 

the Burrand the Generalized Pareto models 

appear to be the best ones. Although the 

calculated verification measures are very close 

among them, the Generalized Pareto 

distribution model is proposed as the best fit 

model for the L-2, due to its simple and 

comprehensive probability distribution 

function (Table 6).

 

Table 5. Verification measures for the proposed models of the L-1 circulation type. 

Verification measures Weibull LogPearson 3 Gen.Gamma (4P) Gamma (3P) Burr 

RMSE 1.072 4.440 0.722 0.572 1.785 

R 0.995 0.971 0.996 0.997 0.985 

MAE 0.473 1.720 0.470 0.306 0.639 

MSE 1.150 19.711 0.521 0.328 3.186 

 

• Cut-Off Low (L-3) case   

For the selection of the best fit distribution 

model, except for the three models shown in 

Table 4, the distribution function of Weibull 

has been tested as secondary appropriate 

model proposed by the Kolmogorov-Smirnov 

test. The calculated verification measures 

suggest that the Fatigue Life and Weibull 

probability distribution functions are the best 

models. However, the Weibull probability 

distribution model is proposed as the most 

appropriate for the synoptic type L-3 (Table 6),  

 

since it is easier to be used, due to its simple 

distribution function. 

 

• South-West flow (SW) case 

For the synoptic type SW, the selection of the 

most suitable model among the resulted, 

Gamma, Burr, Weibull, Generalized Gamma 

and Generalized Pareto probability 

distribution functions, is the Generalized 

Pareto model, since it has smallest error values 

(Table 6).  

 
Table 6. The best fit probability distribution models for each upper-air synoptic circulation type. 

Circulation 

type 
Distribution models Parameters 

L-1 Gamma(3P) 
Shape:α=0.63316Scale: 

β=7.0782,Location:γ=0.1 

L-2 
Generalized 

Pareto 

Shape: k=0.24253,Scale:σ=4.8736 

Location:μ=-0.33123 

L-3 Weibull (3P) 
Shape: α=0.6403Scale: β=4.2549 

Location:γ=0.1 

SW 
Generalized 

Pareto 

Shape: k=0.2645Scale: σ=3.7998 

Location:μ= -0.19565 

 

VERIFICATION OF MODELS FOR 

EACH CIRCULATION TYPE 

An attempt is made to verify and confirm the 

resultedprobability distribution models 

presented on Table 6, for the confirmatory 

period of 2005-2015, for each upper-air 

synoptic circulation type.   

Using the rainfall data information for the 

confirmatory period, the Gamma probability 

distribution model appears to be a reasonable 

one for the L-1 upper-air synoptic circulation 

type. This is indicated in Figure 2b, where a  

 

 

slight overestimation of the rainfall amount 

becomes obvious. This is probably due to the 

encountered lower rainfall amounts compared 

to the exploratory period of 1958-2004. In 

spite of that, the Gamma probability 

distribution model is an efficient model of 

rainfall for the L-1 synoptic type. 

For the L-2 upper-air synoptic circulation type, 

the proposed Generalized Pareto probability 

distribution model was applied to the observed 
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data information of the confirmatory period 

2005-2015. The comparison procedure 

indicated an overestimation of rainfall 

amounts up to 7 mm (not shown). In order to 

optimize the rainfall prediction, statistical tests 

of homogeneity (Bartlett, Levene, Mann-

Whitney, Kruskal-Wallis, Kolmogorov etc.) 

have been performed for each one of the study 

months. The resulted best fit probability 

distributions models are demonstrated on 

Table 7, which provide better predictions over 

the confirmatory period than the only one 

model derived for the exploratory period. 

 
Table 7. The best fit probability distribution models for each upper-air synoptic circulation type and for 

all the homogeneous sub-periods, over the verification-confirmation period (2005-2015). 

Circulation type Months Distribution models Parameters 

L-1 

 Gamma(3P) 

Shape:α=0.63316 

Scale: β=7.0782 

Location:γ=0.1 

L-2 

February -March GeneralizedPareto 

Shape: k=0.03807 

Scale: σ=4.5302 

Location: μ=-0.34098 

April -May Gamma 
Shape:α=0.75459 

Scale: β=6.6944 

October, December Gamma 
Shape:α=0.81686 

Scale: β=7.6 

L-3 

October-November 
Log Pearson-3 

 

α=1587.2 

β=-0.03666 

γ=58.678 

March-April Gamma 
Shape: α=0.76221 

Scale: β=3.0603 

SW 

January-May 
GeneralizedGamma 

 

Shape:κ=0.98756 

α=0.85466 

Scale:β=5.209 

October, December 
Gamma 

 

Shape: α=0.81438 

Scale:β=7.8936 

Concerning the L-3 synoptic types and 

applying the Weibull model to the 

confirmatory period 2005-2015, it showed an 

overestimation on the rainfall amount from 18 

to 30 mm. In order to improve the prediction 

results, homogeneity tests were carried out and 

specific models were derived for the 

homogeneous months. Hence, the Log 

Pearson-3 and the Gamma models appear to be 

the most suitable ones for the month periods 

October-November and March-April, 

respectively (Table 7). It should be noted that 

the proposed Gamma model underestimates 

the predicted amounts up to 6mm. 

Finally, for the type SW, the Generalized 

Pareto model seems to overestimate the 

rainfall amounts up to 15 mm for the 

verification period, probably due to the 

negative trend encountered for this circulation 

type. By applying the homogeneity test, it 

appears that the month periods January-May 

and October-December show similar 

characteristics,respectively. Hence, two new 

models were proposed as the most appropriate 

ones for these periods of the confirmatory 

stage: The Generalized Gamma and the 

Gamma models, respectively. The 

encountered overestimation of rainfall 

amounts up to 15mm could be attributed to a 

negative trend of rainy days and rainfall 

amounts recorded at the meteorological station 

of Larissa. 

 

CONCLUSIONS  

The objective on this study is to model the 

daily rainfall in the region of Thessaly-Greece, 

based on the prevailing upper-air synoptic 

circulation types of the atmosphere. Classified 

the rainfall episodes of the period 1958-2015 

into ten (10) upper-air synoptic circulation 

types, based on a subjective synoptic 

classification scheme, the relationships, 

between and among, these upper-air synoptic 

circulation types and the associated rainfalls 
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are studied and their characteristics are 

presented. The main upper-air synoptic 

circulation types, which are quite favorable to 

rainfall activities at the examined 

meteorological station of Larissa, appeared to 

be: the open Long Wave trough (L-1), the 

closed Long Wave trough (L-2), the Cut-Off 

Low (L-3) and the South-West flow (SW). For 

these types, best fit probability distributions 

models have been determined for the 

prediction of daily rainfall data in the region of 

Thessaly. Based on the characteristics of 

models and their verification results, the 

following conclusions are drawn. 

The L-1 type was the easiest type to study and 

estimate its rainfall amounts, probably due to 

the homogeneity of the data over the study 

months. Applying the proposed Gamma model 

to the rainfall amounts over the verification 

period, it showed its ability to reproduce 

satisfactorily the behavior of the examined 

variable. 

Concerning the synoptic type of closed low (L-

2), the Generalized Pareto model was chosen 

as the most appropriate one for the exploratory 

period, while the models Generalized Pareto 

and Gamma for specific sub-periods of the 

verification period, due to inhomogeneity 

problems.  

For the synoptic type of the cut-off low (L-3), 

the Weibull probability distribution was 

proven the most appropriate model to estimate 

the rainfall amounts for the verification period 

(1958-2004), while the Log-Pearson 3 and the 

Gamma reproduced satisfactorily the rainfall 

behavior for specific sub-periods over the 

verification period (2005-2015), due to 

inhomogeneity problems.  

Concerning the southwest circulation, the 

results are completely different. The weakness 

of the Generalized Pareto model led to a 

further study of the study months in terms of 

the degree of homogeneity. None of the 

proposed distribution models approximates the 

behavior of the rainfall during the period 2005-

2015. The suggested Generalized Gamma and 

Gamma models tend to overestimate the 

rainfall amounts over the sub-periods of the 

confirmatory period. The encountered 

overestimation of rainfall amounts could be 

attributed to a noticeable negative trend of 

rainy episodes and rainfall amounts.

  

REFERENCES 

[1] Anagnostopoulou, C., Tolika. K., Maheras, P. Classification οf Circulation Types: A New 

Flexible Automated Approach Applicable to NCEP and GCM Datasets. Theoreticaland 

Applied Climatology, DOI 10.1007/s00704-008-0032-6, 96,3-15,2009. 

[2] Brunetti, M., M. Maugeri, T. Nanni. Atmospheric circulation and precipitation in Italy for 

the last 50 years. International Journal of Climatology22: 1455–1471, 2002. 

[3] Buishand, T.A. Some remarks on the use of daily rainfall models. J. Hydrol., 36, 295-308, 

1978. 

[4] Burgueño, A., M.D. Martínez, X. Lana and C. Serra. Statistical distributionsif the daily 

rainfall regime in Catalonia (Northeastern Spain) for the years 1950– 2000. Int. J. Climatol., 

25, 1381 – 1403, 2005.  

[5] Duan, J., A.K. Sikka and G.E. Grant. A comparison of stochastic models for generating daily 

precipitation at the H.J. Andrews Experimental Forest., Northwest Science, 69 (4), 318 – 329, 

1995.  

[6] Feidas, X., Ch. Noulopoulou, T. Makrogiannis and E. Bora-Senta. Trend analysis of 

precipitation time series in Greece and their relationship with circulation using surface and 

satellite data: 1955–2001., Theoretical and Applied Climatology, 87, 155-177, 2007. 
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